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Abstract
Two-wheeler accidents continue to claim thousands of lives every year, with a large proportion of these tragedies being entirely preventable.

Riders who skip helmets, drive after drinking, or speed on busy roads create dangers not only for themselves but for everyone sharing the road.
Equally troubling is the fact that when accidents do happen, help often arrives too late simply because no one was notified in time. This paper
introduces the NewGen HeadGear, a smart helmet system built by a team of Grade 10 students at Witty International School, Borivali. The design
combines a microcontroller, motion sensor, alcohol detector, GPS unit, and a wireless communication module to tackle five interconnected safety
problems in one compact device. A companion mobile application lets parents set speed limits and receive instant alerts, while an RFID tag built
into the helmet allows traffic officers to verify a rider's documents without any paperwork. The goal of this project is to show that student-level
innovation, when grounded in real-world problems and supported by off-the-shelf technology, can produce ideas worthy of serious consideration
by engineers, policymakers, and road safety advocates.

Keywords: smart helmet; [oT road safety; crash detection; alcohol interlock; parental speed control; RFID document verification; two-wheeler
safety

1. Introduction

Every year, millions of families are devastated by road accidents that could have been prevented with the right technology in the right place at
the right time. Two-wheelers — motorcycles and scooters — are among the most vulnerable vehicles on the road. Unlike cars, they offer no
surrounding metal frame, no airbags, and no seatbelts. The helmet is the single most important piece of safety equipment a rider can use, yet it

is also one of the most frequently ignored.

What if the helmet itself could do more than sit on a rider’s head? What if it could detect whether it was actually being worn before the bike
started? What if it could sense alcohol on the rider’s breath, track speed in real time, call for help after a crash, and carry a rider’s documents
digitally — all at once?

These questions are at the heart of the NewGen HeadGear project. This paper describes the design thinking, technical architecture, and potential
social impact of a smart helmet system conceived and developed by seven Grade 10 students at Witty International School, Borivali. Our team
spent weeks studying real accident data, interviewing riders, and experimenting with sensor modules before arriving at the design described

here.

The paper is structured as follows: Section 2 provides background on existing road safety research. Section 3 defines the five problems our system
targets. Section 4 explains the proposed solution in detail. Section 5 describes the technical components. Section 6 discusses advantages and
impact. Section 7 covers limitations and future directions. Section 8 concludes the paper.

2. Background

Research into smart safety equipment has grown rapidly over the past decade. Scientists and engineers have explored helmets that can detect
impacts, GPS trackers for stolen motorcycles, apps that estimate driving behavior, and breathalyzers embedded in car steering columns. However,
most of these exist as separate products solving separate problems. No widely available solution packages them together in one wearable device
designed specifically for two-wheeler riders.


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

Studies on road traffic injuries consistently highlight three human behaviors as primary causes of fatal motorcycle crashes: not wearing a helmet,
riding under the influence of alcohol, and exceeding safe speed limits. A fourth factor — delayed arrival of emergency help — turns many
survivable crashes into fatalities. Each of these factors has been addressed individually by researchers, but the lack of integration means that

fixing one problem leaves others unaddressed.

IoT technology has matured to the point where small, inexpensive microcontrollers can collect sensor data, make decisions, and communicate
with smartphones in real time. This opens the door for student teams and small engineering groups to design systems that, until recently, would
have required corporate-level resources. The NodeMCU, an affordable Wi-Fi enabled microcontroller, is a prime example: it can process inputs

from multiple sensors simultaneously and push data to a mobile app within milliseconds.

RFID technology, long used in supply chains and access cards, has begun appearing in traffic management pilots in several cities. Embedding RFID
tags in vehicles or accessories allows authorities to pull up registration and insurance data instantly, reducing the time spent at checkpoints and
the likelihood of disputes. Our team saw an opportunity to bring this capability to the helmet itself, since the helmet is always present when a

rider is stopped for a check.

3. Problem Statement

Our team identified five interconnected problems that the NewGen HeadGear is designed to solve. Each problem was chosen because it represents

a real, recurring challenge with measurable consequences for rider safety and public welfare.

3.1. Riders Who Skip the Helmet

Many riders — particularly on short trips or in familiar neighborhoods — choose not to wear helmets. The decision often feels low-risk in the
moment but becomes catastrophic in the event of even a minor fall. Current enforcement relies on police visibility, which is inconsistent. A system

built into the bike itself that prevents ignition when the helmet is not worn would make helmet use automatic rather than optional.

3.2. Riding After Drinking

Alcohol slows reaction time, impairs judgment, and reduces coordination — all of which are critical for motorcycle riders navigating traffic.
Roadside breathalyzer checks catch only a fraction of impaired riders. An onboard alcohol sensor that prevents the bike from starting when the

rider has been drinking would remove the possibility of impaired riding altogether, regardless of whether a police officer is nearby.

3.3. Speeding by Young Riders

Teenage riders are statistically overrepresented in speeding-related crashes. Parents of young riders often have no way to know how fast their
child is riding until after an accident occurs. A system that sends live speed data to a parent’s phone — and that can remotely slow or stop the

bike if a set limit is exceeded — gives families a practical tool for supervision.

3.4. Help Arriving Too Late After a Crash

When a rider falls unconscious after an accident, they cannot call for help. Bystanders may not notice immediately, especially at night or in less-
traveled areas. Every minute without medical attention reduces the chance of a full recovery. An automated system that detects a crash using
motion sensors and immediately alerts emergency contacts and services — with a precise GPS location — can shrink the gap between accident

and response to seconds rather than minutes.

3.5. Paperwork at Traffic Stops

Carrying physical documents on a motorcycle is inconvenient and unreliable. Papers get wet, torn, or left at home. Even digital storage apps
require the rider to unlock their phone and navigate menus — a process that takes time and can escalate into disputes if the app fails to load. An
RFID tag on the helmet that stores document data and can be scanned instantly by a traffic officer’s handheld reader solves this problem cleanly.

4. The NewGen HeadGear System

The NewGen HeadGear addresses all five problems through a single integrated device. The system has three physical layers: the helmet unit worn
by the rider, the bike unit installed on the motorcycle, and the software layer running on a parent’s smartphone. These three components

communicate continuously, and each one plays a specific role in keeping the rider — and their family — informed and protected.

4.1. Helmet Compliance and Sobriety Check

A small limit switch placed at the chin strap of the helmet detects whether the helmet is correctly positioned on the rider’s head. An alcohol
sensor, mounted facing the rider’s mouth area inside the helmet, samples breath air before the ignition is triggered. The system runs both checks
simultaneously. If the helmet is off or if breath alcohol exceeds a safe threshold, a signal is sent to the bike unit to keep the ignition locked. The
bike simply will not start. There is no override, no workaround. This makes the behavior automatic: wear the helmet, stay sober, and the bike

starts normally.



4.2. Live Speed Monitoring and Remote Parental Control

A speed sensor connected to the bike’s wheel sends continuous velocity readings to the NodeMCU, which transmits them to the parent’s
mobile application. The parent uses the app to set a maximum speed — for example, 40 kilometers per hour for a neighborhood ride or 60 for a
highway. If the rider crosses this limit, the helmet emits a series of ten beeping warnings, giving the rider a chance to slow down voluntarily. If
the rider continues to exceed the limit after all warnings, the parent’s app receives a notification and the option to remotely disable the ignition.

This two-step process respects the rider’s autonomy while giving parents meaningful oversight.

4.3. Crash Detection and Automated Emergency Response

The MPU6050 sensor measures both acceleration and angular rotation in three dimensions. Under normal riding conditions, these values
stay within a predictable range. A sudden impact — a collision, a fall, a sharp flip — produces readings that spike far outside that range. When
the sensor detects such a pattern, the system immediately activates a crash response sequence: the GPS module logs the precise location, the
NodeMCU sends an alert with that location to the parent’s app, and the communication module places automated calls to a list of pre-registered
emergency contacts. The entire sequence takes less than ten seconds. For a rider lying unconscious on the road, those ten seconds can be the

difference between survival and tragedy.

4.4. RFID Document Tag

A thin RFID sticker tag is bonded to the outer surface of the helmet in a standardized location. Before a rider takes their bike out for the
first time, their vehicle registration, driving license number, and insurance policy details are encoded onto the tag using a secure write process.
When a traffic officer stops the rider, they can scan the tag with a handheld RFID reader to retrieve all document information instantly. No phone
needed. No paper needed. The data appears on the officer’s reader within a second, reducing the duration of the stop and eliminating the

frustration of missing documents.

5. Technical Components

5.1. Helmet Unit

The following components are integrated into or attached to the helmet:

TABLE 1: Helmet Unit Components and Functions.

Component Role in the System

NodeMCU Microcontroller Acts as the brain of the helmet unit; processes all sensor data and manages
wireless communication

Limit Switch Detects whether the helmet is being worn correctly before allowing ignition

Alcohol Sensor (MQ-3) Measures breath alcohol concentration; prevents ignition if threshold is
exceeded

GPS Module (NEO-6M) Provides real-time geographic coordinates, especially during crash events

MPUG6050 (Gyro + Accel) Monitors movement and detects abnormal impact patterns consistent with a
crash

Power Supply Module Manages battery power for all helmet unit components

RFID Sticker Tag Stores rider's vehicle documents for instant scanning by authorities

5.2. Bike Unit

The bike unit sits between the engine and the ignition system. It contains a speed detection circuit that reads wheel velocity and passes it to the
NodeMCU via the wireless communication module. An engine control relay — a small electronic switch — sits in the ignition circuit and can be
opened or closed by the microcontroller. This relay is what allows the system to lock or unlock the engine remotely. The wireless communication

module keeps the bike unit and helmet unit in constant contact, synchronizing decisions between both layers of hardware.

5.3. Mobile Application and Software Layer



The parent’s smartphone application connects to the NodeMCU via a cloud-based IoT platform. The app has three main screens: a live dashboard
showing the rider’s current speed and location, a settings panel for configuring the maximum speed limit and emergency contacts, and a
notifications feed that logs all alerts and events. The emergency communication protocol is embedded in the NodeMCU firmware rather than the
app, meaning crash alerts go out even if the parent’s phone has no internet connection at the moment of the accident — the NodeMCU contacts
emergency services directly through its own network module.

6. Advantages and Potential Impact

What sets the NewGen HeadGear apart from existing safety products is not any single feature but the combination of all five working together on
one device. A rider cannot bypass the alcohol check by leaving the dedicated breathalyzer at home — it is already in the helmet. A parent does
not need to install a separate GPS tracker on the bike — the location is shared through the same system that monitors speed. Emergency services
do not need to wait for a bystander to call — the helmet calls them automatically.

This integration also has cost advantages. Buying separate devices for alcohol detection, speed monitoring, crash detection, GPS tracking, and
document management would be expensive and impractical for an average family. The NewGen HeadGear consolidates all these functions into a
single product built around affordable, widely available components. The NodeMCU costs a few hundred rupees. The MPU6050 is similarly
inexpensive. RFID sticker tags are used by the millions in logistics and retail. The technology is not exotic — it is accessible.

The social impact of widespread adoption could be significant. If even a portion of the riders who currently ignore helmet laws were compelled
to wear one because the bike would not start otherwise, fatality numbers would drop. If young riders knew that their speed was being monitored
in real time by a parent, many would choose to slow down. If crash response times fell from twenty minutes to three minutes, lives that are
currently lost would be saved. These are not hypothetical benefits — they follow logically from the design of the system.

The modular architecture of the helmet also means that future upgrades are straightforward. A pollution sensor could be added without changing
the core system. Fatigue detection using eye-tracking cameras could be integrated into future versions. Ride analytics dashboards for fleet
managers could be built on top of the existing data pipeline. The NewGen HeadGear is designed to grow.

7. Limitations and Future Work
As a student-designed prototype concept, the NewGen HeadGear has several limitations that honest research requires us to acknowledge.

First, the system depends on wireless connectivity. In rural areas, tunnels, or locations with weak network signals, real-time data transmission
to the mobile app may be delayed or interrupted. Future versions should incorporate offline buffering — storing sensor data locally and syncing
when connectivity is restored.

Second, the alcohol sensor must be carefully calibrated. Environmental factors such as temperature and humidity can affect readings, and certain
foods or medications can produce false positives. A production-grade system would need rigorous testing across diverse conditions and a
threshold calibration process validated by medical standards.

Third, the remote ignition disable feature raises an important safety question: what happens if the parent disables the engine while the bike is
traveling at high speed? Our current design does not address this. Future iterations must include a speed-conditional lock — the engine can only
be remotely disabled when the bike is below a certain speed, preventing a dangerous sudden stop.

Fourth, continuous GPS tracking raises privacy considerations, particularly for adult riders who may not have consented to being monitored. A
production system would need clear consent mechanisms, data retention policies, and protections against misuse of location data.

Finally, this paper presents a design concept rather than a fully tested prototype. Our team has worked with individual components in lab settings,
but a complete end-to-end test under real riding conditions has not yet been conducted. Our next step is to build a working prototype and
document its performance through structured trials.

8. Conclusion

The NewGen HeadGear began as a school project question: what would a helmet look like if it could think? Over weeks of research, discussion,
and design iteration, our team of seven Grade 10 students at Witty International School, Borivali arrived at an answer that surprised even us in
its scope.

A smart helmet does not have to be a luxury item or a distant future concept. The technology needed to build one exists today, is affordable, and
is well within the reach of a dedicated student team. The five problems we set out to solve — non-compliance, drunk riding, speeding, delayed
crash response, and documentation hassle — are real, present, and costly in human lives. The solution we propose is practical, integrated, and
scalable.

We believe the NewGen HeadGear represents the kind of thinking that road safety needs: not just stricter fines or more cameras, but intelligent
devices that make safe behavior the path of least resistance. When wearing a helmet and staying sober are the only ways to start your bike, most
riders will comply. When a parent can see their child’s speed on their phone, conversations about safe driving become concrete. When a crash
triggers an automatic call for help, survivors get the care they need in time.



We look forward to building a working prototype, conducting real-world tests, and continuing to develop this idea with guidance from engineers,
road safety experts, and the broader academic community. This paper is the beginning of that journey.
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